
43 

SURVEY OF MODERN ELECTROANALYTICAL METHODS 
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The r e c e n t  t h r u s t  of e l e c t r o a n a l y t i c a l  t echn iques  has  been p r i m a r i l y  d i r e c t e d  
toward a n a l y s i s  of t h e  n a t u r e  of  e l e c t r o d e  p r o c e s s e s  r a t h e r  t han  toward e v a l u a t i o n  
of s o l u t i o n  c o n c e n t r a t i o n s .  As an a i d  i n  accomplishing t h i s  g o a l ,  a whole series of  
new methods have been developed.  The f i r s t  g roup ,  i nvo lv ing  s e m i - i n f i n i t e  d i f f u s i o n ,  
can be  c lass i f ied  i n t o  two broad c a t e g o r i e s  by the s i z e  of t h e  e x c i t a t i o n  s i g n a l  
( " l a rge"  and "small"  a m p l i t u d e ) ,  and then each can be f u r t h e r  s u b - c l a s s i f i e d  according 
t o  t h e  form (shape,  p e r i o d i c i t y ,  e t c . )  of t h e  e x c i t a t i o n  s i g n a l  and o c c a s i o n a l l y  
acco rd ing  t o  t h e  monitored response.  I d e a l l y ,  t h e  small ampli tude c a s e s  are those 
where t h e  e x c i t a t i o n  s i g n a l  is s u f f i c i e n t l y  small  t h a t  t h e  p e r t u r b a t i o n  in t roduced  
can be cons ide red  l i n e a r .  Neve r the l e s s ,  t h o s e  cases where t h e  e x c i t a t i o n  s i g n a l  
i s  small, b u t  pr imary a t t e n t i o n  is g iven  t o  minu te  non- l inea r  e f f e c t s ,  are cons ide red  
i n  t h i s  group. The aforementioned e x c i t a t i o n  s i g n a l  is an impressed v o l t a g e ,  c u r r e n t ,  
o r ,  i n  some c a s e s ,  a combinat ion of  t h e s e  which i s  expe r imen ta l ly  a p p l i e d  ove r  a 
t ime i n t e r v a l .  
complimentary e l e c t r i c a l  v a r i a b l e  whose ampl i tude  and time dependency r e f l e c t s  t h e  
composi t ion and n a t u r e  of t h e  e l e c t r o c h e m i c a l  system under  c o n s i d e r a t i o n .  
s i g n a l ,  i n  whole o r  i n  p a r t ,  i s  then  converted i n t o  a monitored r e sponse  by e l ec t r i ca l ,  
mechanical ,  o r  g r a p h i c a l  means and i s  d i s p l a y e d  unchanged, or i n  d i f f e r e n t i a l  o r  
i n t e g r a l  form, as a f u n c t i o n  of  t, E , o r  some o t h e r  conven ien t  parameter .  The 
p r e s e n t a t i o n  is  sugges t ed  by theo ry  and a m e l i o r a t e d  by i n s t r u m e n t a t i o n .  I n  t h i s  
manner, t h e  e f f e c t  of chemical  k i n e t i c  compl i ca t ions ,  such as p r e - k i n e t i c ,  pos t -  
k i n e t i c ,  c a t a l y t i c ,  o r  successive r e a c t i o n s  can b e  exaggerated and the e v a l u a t i o n  
s i m p l i f i e d .  S i m i l a r  p r i n c i p l e s  f a c i l i t a t e  t h e  e v a l u a t i o n  of a d s o r p t i o n  phenomena 
and e l e c t r o n - t r a n s f e r  rates.  The fo l lowing  f i g u r e s  (p repa red  by W i l l i a m  Heineman 
and Thomas Ridgway of  t h i s  l a b o r a t o r y )  i n d i c a t e  some, b u t  by no means a l l ,  o f  t h e  methods 
c u r r e n t l y  a v a i l a b l e  and u t i l i z e d .  

Th i s  s i g n a l ,  i n  t u r n ,  evokes from t h e  system a r e sponse  s i g n a l  of  t h e  

Th i s  response 

Thin-f i lm and t h i n - l a y e r  e l e c t r o d e s  o f f e r  s e v e r a l  i n t e r e s t i n g  avenues i n  e l e c t r o -  
chemical  i n v e s t i  a t i o n s .  Both i n v o l v e  d i f f u s i o n  a c r o s s  a t h i n  f i l m  or l a y e r ;  w i th  a 
t h i c k n e s s  of 10-9 t o  10-2 cm., e s s e n t i a l l y  homogeneous mixing is accomplished by s imple  
d i f f u s i o n  i n  0 . 1  t o  10 seconds.  For t h e  l a t t e r  t echn ique ,  a t h i n  l a y e r  of sample 
s o l u t i o n  is  conf ined  between two boundar i e s ,  a t  least  one of  which is a working 
e l e c t r o d e .  
t o  t h e  s t u d y  of a d s o r p t i o n  and p o s t - k i n e t i c  r e a c t i o n s .  
independent  working e l e c t r o d e s ,  s e v e r a l  approaches t o  t h e  s tudy  of chemical  even t s  
o c c u r r i n g  i n  t h e  t h i n  l a y e r  are p o s s i b l e .  
may be observed o r  mod i f i ed  a t  t h e  o t h e r  e l e c t r o d e  w i t h  on ly  a s m a l l  t i m e  l a g .  
r a p i d  a t t a i n m e n t  of s t e a d y - s t a t e  c u r r e n t  i s  ach ieved  where an  o x i d a t i o n  occur s  a t  
one e l e c t r o d e  and t h e  co r re spond ing  r e d u c t i o n  a t  t h e  o t h e r .  

1. e s t a b l i s h m e n t  of d i f f u s i o n  c o e f f i c i e n t s ;  
2 .  

3.  

4 .  

5.  k i n e t i c s  of  chemical  r e a c t i o n s  i n  t h e  s o l u t i o n  l a y e r ;  
6 .  

Th i s  system h a s  been a p p l i e d  t o  r a p i d  c o n t r o l l e d - p o t e n t i a l  coulometry and 
When bo th  boundar i e s  are 

Chemical changes i n i t i a t e d  a t  one e l e c t r o d e  
Also 

Some i n t e r e s t i n g  a p p l i c a t i o n s  of  t h e  t echn ique  are:  

s t e a d y - s t a t e  c u r r e n t  as a f u n c t i o n  of t h e  p o t e n t i a l s  of  t h e  two e l e c t r o d e s :  
s t e a d y - s t a t e  "voltammetry"; 
r a p i d  c o n t r o l l e d - c u r r e n t  o r  c o n t r o l l e d - p o t e n t i a l  cou lomet r i c  t i t r a t i o n s  i n  the  
t h i n  l a y e r ;  
s t u d y  of t h e  p roduc t s  of e l e c t r o d e  r e a c t i o n s ;  i n t e r m e d i a t e  o x i d a t i o n  s t a t e s ,  

m e t a s t a b l e  p r o d u c t s ,  a d s o r p t i o n  isotherms of p r o d u c t s ,  e t c . ;  

p h o t o l y s i s  and spec t ropho tomet ry  i n  t h e  t h i n  l a y e r .  
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11. SbIALL AMPLITUDE ELLCTROANALYTICAL TECHNIQUES ; 
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